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Description 

[Technical Field] 

5 [0001] This invention relates to a Cr-bearing heat-resistant steel with an excellent workability which is optimum for 
a material for an automotive exhaust system requiring high-temperature strength and oxidation resistance. 

[Background Art] 

10 [0002] Cr-bearing heat-resistant steel sheets are used for exhaust manifolds, mufflers and other exhaust system 
members that require high-temperature strength and oxidation resistance. As these members are manufactured by 
press -forming, the steel sheets are required to have press formabllity. 

[0003] Meanwhile, the service temperature for these members rises year after year. To cope with this temperature 
rise, it is now required to enhance the high-temperature strength of the material steel sheets by increasing the addition 
15 of Cr, Mo, Nb and other alloying elements. 

[0004] The addition of alloying elements by simple manufacturing methods, however, has sometimes lowered the 
workability of material steel sheets to such a level as to make press fonning Impossible. 

[0005] Increasing the cold reduction ratio is conducive to effectively increasing the 'V value that is an index of press 
formabllity of steel sheets. However, the material steel sheets for said exhaust system members are relatively thick 

20 (between approximately 1 .5 mm and 2 mm). Therefore, the conventional manufacturing processes that limit the thick- 
ness of cold-rolled strip to within a certain range do not permit securing sufficient cold reduction ratios. 
[0006] In order to solve the above problem by increasing the "r" value, which is an index of press formability, without 
Impairing the high-temperature properties, various studies have been made regarding the chemical composition and 
manufacturing method of steel sheets. 

25 [0007] Conventionally, the workability of Cr-bearing heat-resistant steels has been improved by adjusting the chem- 
ical composition as disclosed in, for example, Japanese Unexamined Patent Publication (Kokai) No. 09-279312. How- 
ever, composition adjustment alone is not enough to solve the problems, such as cracks caused by pressing, in thicker 
materials manufactured with relatively low reduction ratios. 

[0008] Japanese Unexamined Patent Publication (Kokai) No, 2002-30346 discloses a method that specifies the 
30 optimum hot-rolled strip annealing temperature based on the relationship between the hot-rolling starting and finishing 
temperatures, Nb content and annealing temperature. However, specifying the hot-rolled strip annealing temperature 
alone is sometimes not enough where there are effects of elements (C, N, Cr, Mo, etc.) that are related to Nb-bearing 
precipitates. 

[0009] Japanese Unexamined Patent Publication (Kokai) No. 08-1 99235 discloses a method that applies aging treat- 
35 ment to hot-rolled steel strip for more than one hour. This method, however, has a drawback that commercial manu- 
facturing efficiency is extremely low. 

[Summary of the Invention] 

40 [0010] The object of this invention is to provide a Cr-bearing heat-resistant steel sheet having workability and a 
method of manufacturing the same by solving problems in conventional technologies. 

[001 1 ] in orderto solve the problems described above, the inventors made detailed studies of chemical compositions, 
structures of steel during manufacturing process and precipitates in the structure in relation to the workability of Cr- 
bearing heat-resistant steel sheet. 
-^5 [0012] The gist of the present invention that solves the above-described problems is as follows: 

(1 ) A Cr-bearing heat-resistant steel sheet with excellent workability comprising, in mass%. C of 0,001 % to 0.01 0%, 
Si of 0.01% to 0.60%, Mn of 0.05% to 0.60%, P of 0.01% to 0.04%. S of 0.0005% to 0.0100%, Cr of 14% to 1 9%, 
N of 0.001% to 0.020%, Nb of 0.3% to 1 .0%, Mo of 0.5% to 2.0%, with the remainder comprising iron and una- 

50 voidable impurities, and having an x-ray intensity ratio {111}/({100}+{211}) of 2 or greater in the central region of 

thickness. 

(2) A Cr-bearing heat-resistant steel sheet with excellent workability described in (1), which contains, in mass%, 
one or more of Cu of 0.5% to 3,0%, W of 0.01% to 1 .0% and Sn of 0.01% to 1 .00%. 

(3) A Cr-bearing heat-resistant steel sheet with excellent workability described in (1) or (2), which contains, in 
55 mass%, one or more of Ti of 0.01% to 0.20%, Al of 0.005% to 0.100%, Mg of 0.0002% to 0.0100% and B of 

0.0003% to 0.001%. 

(4) A method for manufacturing Cr-bearing heat-resistant steel sheet with excellent workability comprising of the 
steps of: 
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hot-rolling a steel comprising, in mass%, C of 0.001% to 0.010%, Si of 0.01% to 0.60%, Mn of 0.05% to 0.60%, 
P of 0.01% to 0.04%, S of 0.0005% to 0,0100%, Cr of 14% to 19%, N of 0.001% to 0.020%, Nb of 0.3% to 
1 .0%, Mo of 0.5% to 2.0% and, as required, one or more of Cu of 0.5% to 3.0%, W of 0.01% to 1 .0% and Sn 
of 0.01% to 1 .00%, and/or, one or more of 71 of 0.01% to 0.20%, Al of 0.005% to 0.1 00%, Mg of 0.0002% to 
5 0.01 00%, and B of 0.0003% to 0.001 %, with the remainder comprising Iron and unavoidable Impurities, with 

a heating temperature of lOOC'C to HSO^'C and a finishing temperature of 600*'C to 800**C, 
colling the hot-rolled strip at not higher than SOO^C, 
heating the coiled hot-rolled strip at between 900°C and 1 000*'C, and 

cooling to 300^0 at a rate of 30''C/sec or faster, with subsequent pickling, cooling and annealing. 

10 

(5) A method for manufacturing Cr-bearing heat-resistant steel sheet with excellent worl^ability comprising of the 
steps of: 

hot-rolling a steel comprising, in mass%, C of 0.001% to 0.010%, Si of 0.01% to 0.60%, Mn of 0.05% to 0.60%, 
15 p of 0.01% to 0.04%, S of 0.0005% to 0.0100%, Cr of 14% to 19%, N of 0.001% to 0.020%, Nb of 0.3% to 

1 .0%, Mo of 0.6% to 2.0% and, as required, one or more of Cu of 0.5% to 3.0%, W of 0.01% to 1 .0% and Sn 
of 0.01 % to 1 .00%, and/or, one or more of Tl of 0.01% to 0.20%, Al of 0.005% to 0.1 00%, Mg of 0.0002% to 
0.0100% and B of 0.0003% to 0.001%, with the remainder comprising Iron and unavoidable impurities, with 
a heating temperature of 1000**C to 1150°C and a finishing temperature of SOO^C to 800**C, 
20 coiling the hot-rolled strip at not higher than 500**C, 

recrystallizing the coiled hot-rolled strip, 

holding the strip at 900°C to 1 0OO^C for not less than 60 seconds, and 

cooling to SOO^C at a rate of 30°C/sec or faster, with subsequent pickiing, cooling and annealing. 

2s (6) A method for manufacturing Cr-bearing heat-resistant steel sheet with excellent workability comprising of the 

steps of: 

hot-rolling a steel comprising, in mass%, C of 0.001% to 0.01 0%, Si of 0.01 % to 0.60%. Mn of 0.05% to 0.60%, 
P of 0.01% to 0.04%, S of 0.0005% to 0.0100%, Cr of 14% to 19%, N of 0.001% to 0.020%, Nb of 0.3% to 

30 1 .0%, Mo of 0.5% to 2.0% and. as required, one or more of Cu of 0.5% to 3.0%, W of 0.01% to 1 .0% and Sn 

of 0.01% to 1 .00%, and/or one or more of Tl of 0.01% to 0.20%, Al of 0.005% to 0.100%, Mg of 0.0002% to 
0.0100% and B of 0.0003% to 0.001%, with the remainder comprising iron and unavoidable impurities, with 
a heating temperature of "I000°C to 1150°C and a finishing temperature of 600°C to 800°C, 
coiling the hot-rolled strip at not higher than aoo^'C, 

55 • holding the colled hot-rolled strip at ZSO'^C to 950°C for 1 hour to 30 hours, and 

cooling to SOO'^C at a rate of 30*'C/sec or faster, with subsequent pickling, cooling and annealing. 

[Brief Description of the Drawings] 

40 [0013] 

Fig. 1 shows the relationship between the x-ray Intensity ratio {111}/({100}+{211}) and "r" value of manufactured 
steel sheets. 

Fig. 2 shows the relationship between the slab heating temperature and the "r" value of manufactured strip. 
45 Fig. 3 shows the relationship between the annealing condition of hot-rolled strip and the "r" value of manufactured 

strip. 

Fig. 4 shows the relationship between the annealing condition of hot-rolled strip and the 'V value of manufactured 
strip. 

50 [The Most Preferred Embodiment] 

[0014] Details of the invention are described below. 

[0015] To begin with, the reason why this invention limits the chemical composition is explained below. "%" used In 
the description means "mass%". 
55 [0016] C deteriorates workability and corrosion resistance. Therefore, the smaller the content, the better. This is the 
reason why the upper limit of the content of C is set at 0.010%. The lower limit is set at 0.001% because excessive 
reduction brings about a refining cost increase. When considering manufacturing cost and corrosion resistance, it is 
preferable to limit the carbon content to between 0.002 and 0.005%. 



3 



BNSDOCID: <EP 1571227A1J_> 



EP 1 571 227 A1 



[0017] Si, which is sometimes added as a deoxidizing element, Is also a solid solution strengthening element. From 
the viewpoint of material properties, therefore, the smaller the content, the better. Thus, the upper limit is set at 0.60%. 
To secure good resistance to oxidation, the lower limit Is set at 0.01%. However, the preferable lower limit Is 0.30% 
because excessive reduction brings about a refining cost increase. When considering material properties, the prefer- 

5 able upper limit Is 0.50%. 

[0018] Mn, like SI, is a solid solution strengthening element. From the viewpoint of material properties, therefore, the 
smaller the content, the better. So, the upper limit is set at 0.60%, whereas the lower limit is set at 0.05% in order to 
secure good scale adhesion. However, the preferable lower limit is 0.30% because excessive reduction leads to a 
refining cost increase. When considering material properties, the preferable upper limit is 0.50%. 

10 [001 9] P, like Mn and Si, is a solid solution strengthening element. From the viewpoint of material properties, therefore, 
the smaller the content, the better. Therefore, the upper limit is set at 0.04%. The lower limit is set at 0.01% because 
excessive reduction brings about a refining cost increase. When considering manufacturing cost and corrosion resist- 
ance, the preferable content is between 0.02% and 0.03%. 

[0020] From the viewpoint of material properties and corrosion resistance, the smaller the content of S, the better. 
15 So the upper limit is set at 0.0100%, whereas the lower limit Is set at 0.0006% because excessive reduction brings 
about a refining cost increase. When considering manufacturing cost and corrosion resistance, the preferable content 
is between 0.0020% and 0.0060%. 

[0021] It is necessary to add Cr of not less than 14% for the improvement of corrosion and oxidation resistance. 
However, addition in excess of 1 9% deteriorates toughness, manufacturability and material properties in general. So, 
20 Cr content is limited between 14% and 19%. The preferable content to secure good corrosion resistance and high- 
temperature strength is 14% to 18%. 

[0022] As N, like C, deteriorates workability and corrosion resistance, the smaller the content, the better. Therefore, 
the upper limit is set at 0.020%. The lower limit is set at 0.001% because excessive reduction brings about a refining 
cost increase. When considering manufacturing cost, workability and corrosion resistance, the preferable content is 
25 0.004% to 0.010%. 

[0023] From the viewpoint of solid-solution and precipitation strengthening, Nb is necessary for the improvement of 
high-temperature strength. Nb fixes C and N as carbonitrides and affects the development of recrystallized aggregate 
structure, that is, x-ray intensity ratio {111}/({100}+{211}) of manufactured strip. As the above-described action of Nb 
appears when the content is not less than 0.3%, the lower limit is set at 0.3%. 
30 [0024] As this invention improves workability by controlling Nb-precipitates (in particular, the Laves phase that com- 
prises intermetallic compounds consisting essentially of Fe, Cr, Nb and Mo) before cold-rolling, there must be a sufficient 
quantity of Nb to fix C and N. As, however, the effect saturates at 1 .0%, the upper limit is set at 1 .0%. When considering 
manufacturing cost and manufacturability, the preferable content is 0.4% to 0.7%. 

[0025] Mo is required by heat-resistant steels as an element for increasing corrosion resistance and controlling hlgh- 
35 temperature oxidation. Mo also forms Laves phase. To improve workability by controlling the formation of Laves phase, 
Mo of not less than 0.6% Is required. 

[0026] If Mo content is lower than 0.5%, the Laves phase required for developing the recrystallized aggregate struc- 
ture does not precipitate and, as a result, does not increase the x-ray intensity ratio {1 1 1 }/{{1 00)-»-{21 1 }) of manufactured 
steel sheets. Therefore, the lower limit of Mo content is set at 0.5%. 
40 [0027] As, however, excessive addition deteriorates toughness and lowers elongation properties, the upper limit is 
set at 2.0%. When considering manufacturing cost and manufacturability, the preferable content is 1 .0% to 1 .5%. 
[0028] Cu is added as required for increasing corrosion resistance and high-temperature strength. Addition of Cu of 
not less than 0.5% precipitates e-Cu and, thereby, increases the x-ray intensity ratio {111}/({100}+{211}). Therefore, 
the lower limit is set at 0.5%. 

45 [0029] As, however, excessive addition lowers elongation properties and deteriorates manufacturability, the upper 
limit is set at 3.0%. When considering manufacturing cost and manufacturability, the preferable content is 1 .0% to 2.0%. 
[0030] W is added as required for increasing high-temperature strength. As this action appears when W of not less 
than 0.01% is added, the lower limit is set at 0.01%. As, however, excessive addition lowers manufacturability and 
workability, the upper limit is set at 1 ,0%. When considering high-temperature properties and manufacturing cost, the 

50 preferable content Is 0.05% to 0.5%. 

[0031] Sn is added as required for increasing high-temperature strength and lowers recrystallization temperature by 
segregating at grain boundaries. As this action appears when Sn of not less than 0.01% is added, the lower limit is set 
at 0.01%. As, however, excessive addition deteriorates workability and tends to form surface defects during manufac- 
turing, the upper limit is set at 1 .00%. When considering high-temperature properties and manufacturing cost, the 

55 preferable content is 0.05% to 0.50%. 

[0032] Ti is added as required for further improving corrosion resistance, intergran u I ar corrosion resistance and deep 
drawability by combining with C, N and S. As the action to increase the x-ray intensity ratio {1 11 }/({1 00}+{21 1}) appears 
when the content is not lower than 0.01%, the lower limit is set at 0.01%. 
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[0033] A combined addition of Ti and Nb improves high-temperature strength and contributes to the improvement of 
oxidation resistance. However, excessive addition impairs manufacturabliity in thesteelmal<ing process, Induces defect 
formation in the cold-rolling process and brings about deterioration of material properties by Increasing solid solution 
of Ti. Therefore, the upper limit Is set at 0.20%. When considering manufacturing cost, the preferable content Is 0.03% 
5 to 0.10%. 

[0034] A! is sometimes added as a deoxidizing element. As the deoxidizing action appears when the content is not 
less than 0.005%, the lower limit is set at 0.005%; As addition in excess of 0.100% lowers elongation properties and 
deteriorates wefdability and surface quality, the upper limit Is set at 0.100%. When considering a refining cost, the 
preferable content is 0.010% to 0.070%. 

10 [0035] Mg forms Mg-oxide in molten steel and acts as a deoxidizing agent together with Al. Fine precipitation of Nb- 
or Ti-preclpitates occurs around finely crystallized l^g-oxide. When these precipitates finely precipitate In the hot-rolling 
process, very fine recrystallized structures are formed around the fine precipitates, thereby Increasing the x-ray intensity 
ratio {111}/({100}+{211}) and remarkably improving the workability of cold-rolled annealed steel sheets: As this action 
appears when the content is not lower than 0.0002%, the lower limit is set at 0.0002%. 

15 [0036] As, however, excessive addition lowers weldability, the upper limit is set at 0.0100%. When considering re- 
fining cost, the preferable content is 0.0005% to 0.0020%. 

[0037] B of not less than 0.0003% is added for improving cold workability and fabricability of manufactured steel 
sheets. However, addition in excess of 0.001% deteriorates ductility and deep drawabllity Therefore, the upper limit 
is set at 0.001%. The preferable content is 0.0005% to 0.0010%. 

20 [0038] Next, the relationship between the x-ray intensity ratio and "r" value will be discussed below. 

[0039] It Is common knowledge that the V value, which Is an Indicator of workability, is related to the recrystallized 
aggregate structure. Generally, the V value Improves if the ratio of plane direction {111} to {100}, i.e. ({111}/{100}), is 
increased. Through an investigation that takes into consideration of the influences of other plane directions as well, 
the inventors discovered that plane direction {211 } too should be considered for the Improvement of the "r" value. 

25 [0040] Now this invention Is described by reference to the accompanying drawings. 
.:. [0041] Fig. 1 shows the relationship between the x-ray intensity ratio {111}/({100}+{211}) and mean V value in the 
central region of thickness of cold-rolled annealed Cr-bearing heat-resistant steel sheet (containing C of 0.003%, Si 
of 0.5%, Mg of 0.5%, P of 0.02%, S of 0.001%, Cr of 14.5%, Nb of 0.6%. Mo of 1.4% and N of 0.01%) that affects 
cracking during pressing. 

30 [0042] Here, the x-ray intensity ratio plotted along the horizontal axis was derived from the x-ray Intensity strength 
measured on different crystal faces In the central region of thickness of cold-rolled annealed steel sheet and the intensity 
ratio of non-oriented steel specimens. 

[0043] The mean "r" value plotted along the vertical axis was derived by applying 15% in the rolling direction and 
directions 45** and 90** away therefrom on JIS 13B tensile test specimens taken from cold-rolled annealed steel sheet 
35^^ and using equations (1) and (2). 



40 



r=1n(Wo/W)/1n(to/t) (1) 

where Wq is the sheet width before application of strain, W is the sheet width after application of strain, to is the 
sheet thickness before application of strain, and t is the sheet thickness after application of strain. 



Mean r value = (rg + 2r^Q + rQQ)/4 (2) 

45 

where is the "r" value in the rolling direction, r^^ is the "r" value in a direction 45 degrees away from the rolling 
direction, and r^^ is the V value in a direction 90 degrees away from the rolling direction. 

[0044] As can be seen from Fig. 1, the x-ray Intensity ratio {111}/({1 00}-i-{21 1}) and "r" value are in a proportional 
relationship and, therefore, the "r" value improves as the x-ray intensity ratio {1 1 1}/({1 00}-M211}) increases. When the 
x-ray intensity ratio {111 }/({1 00}-i-{211}) is 2 or above (in the range PI in the figure), the mean V value is 1.4 or above, 
which means that workability is high enough to permit fabrication of general exhaust system members. 
[0045] The inventors also studied a manufacturing method, in addition to the chemical composition and the x-ray 
intensity ratio. Study of the influences of hot-rolling and annealing conditions led to a discovery that controlling the 
formation of Nb-based precipitates Improves the "r" value. 
55 [0046] Fig. 2 shows the influences of heating and finishing-rolling temperatures on the "r" value of Cr-bearing heat- 
resistant steel sheet (containing C of 0.003%, Si of 0.5%, Mn of 0.5%, P of 0.02%, S of 0.001%. Cr of 14.5%, Nb of 
0.6%, Mo of 1 .4% and N of 0.01 %) prepared by hot-rolling to a thickness of 5.0 mm with a coiling temperature of 500«C 
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and annealing temperature of .950'C and cold-rolling to a thickness of 1 .6 mm with an annealing temperature of 1 0SC^C. 
[0047] In Fig. 2 the circled numbers designate the mean "r" values. As can be seen from Fig. 2. "r" values 1 .4 or 
above can be obtained by heating at 1000*»C to 1 150*C and finishing-rolling at eoO'^C to 800**C. (See the hatched area 
In the figure.) 

5 [0048] If the temperatures are outside the range specified by the present invention, appropriate precipitates are 
unobtainable in the manufacturing process. As a consequence, the x-ray intensity ratio of cold-rolled steel strip is out 
of the preferable range and the preferable V value cannot be obtained. 

[0049] If the heating temperature is under 1 0OO^C and/or the finishing-rolling temperature is under 600°C (see the 
area indicated by arrow in the figure), many surface defects due to seizure with hot-rolling rolls are formed. Such 

10 surface defects significantly deteriorate the surface quality and become the starting point of cracking during pressing. 
Therefore, the lower limits of the heating and finishing-rolling temperatures are respectively set at 1 000*»C and 800*'C. 
[0050] The reason why the present invention improves the V value is that fine recrystallization is achieved by im- 
plementing hot-rolling at low temperature, increasing stored strain and accelerating recrystallization in the subsequent 
annealing process. With the chemical composition according to this invention, Nb-based precipitates precipitate at 

15 1200**C or below. During hot-rolling, therefore, a working strain is introduced around the finely precipitated Nb-based 
precipitates in the mother phase. 

[0051] In order to accumulate strain in hot-rolling, it is necessary to increase stored strain by coiling the finish-rolled 
strip at low temperature. Therefore coiling at low temperature is preferable. As stored strain does not recover if the 
coiling temperature is not higher than 500*'C, the coiling temperature is set at not higher than 500**C. As, however, an 

20 excessively low temperature leads to malfomned strip, the preferable temperature is 400*^0 to 500'C. 

[0052] Hot-rolled steel strip is generally annealed for securing desired properties by recrystallizing the ferrite struc- 
ture. The basic metallurgical principle for improving the "r" value is to refine the ferrite structure in hot-rolled annealed 
steel before cold-rolling, facilitate the introduction of strain from grain boundaries, and develop the crystal orientation 
(such as {111}<112>) that improves the "r" value during annealing of cold-rolled steel sheet. 

25 [0053] However, the present inventors discovered a method to improve the "r" value by controlling the quantity and 
size of Nb-based precipitates, even without forming recrystallized structure by annealing hot-rolled steel strip. 
[0054] Fig. 3 shows the relationship between the annealing temperature of hot-rolled steel strip and the mean "r" 
value of cold-rolled annealed steel strip prepared by annealing hot-rolled strip of Cr-bearing heat-resistant steel strip 
(containing C of 0.003%, St of 0.5%, Mg of 0.5%, P of 0.02%, S of 0.001%, Cr of 14.5%, Nb of 0.6%, Mo of 1.4% and 

30 N of 0.01 %) and cooling to 300°C at a rate of 30°C/sec, with a slab heating temperature of 1 1 50*»C, a coiling temperature 
of SOO*C, hot-rolled strip thickness of 5.0 mm, cold-rolled strip thickness of 1.5 mm and cold-rolled strip annealing 
temperature of 1050°C. 

[0055] Fig. 3 shows that the V value of the cold-rolled annealed steel strip becomes 1 .4 or higher (see the range 
PI in the figure) by heating the hot-rolled strip to between 900°C and 1 0OO^'C and cooling to 300*'C at a rate of 30°C/sec. 
35 [0056] . Though the structure of the hot-rolled steel strip is not recrystallized in the temperature range between 900**C 
and 1000*C as the recrystallizing temperature thereof is 1050*'C (see "Tre" in the figure), the mean "r" value is high. 
This is because, among the Nb-based precipitates (Nb(C,N) and the Laves phase), the Laves phase, in particular, 
precipitates in large enough quantity and size to accelerate recrystallization in the subsequent cold-rolled strip anneal- 
ing process. 

40 [0057] If the temperatures are outside the range specified by the present invention (the range PI in the figure), ap- 
propriate precipitates are unobtainable in the manufacturing process. As a consequence, the x-ray intensity ratio of 
cold-rolled steel strip is outside the preferable range and the preferable "r" value cannot be obtained. 
[0058] If the hot-rolled steel strip is annealed at a temperature higherthan 1 000*»C, much of the Nb-based precipitates 
becomes a solid solution and re-precipitates when the cold-rolled strip is annealed, thereby significantly delaying the 

45 recrystallization of the ferrite phase and impeding the growth of the recrystallization orientation that increases the "r" 
value. 

[0059] If the hot-rolled strip is annealed at a temperature under goO'^C, a large quantity of fine Laves phase not larger 
than 0.1 ^un precipitates. In the subsequent annealing of the cold-rolled steel strip, the fine Laves phase acts as a pin 
to inhibit recrystallization and significantly delays the recrystallization of the ferrite phase. 
50 [0060] In order to prevent the precipitation of the fine Laves phase during cooling, the faster the cooling rate, the 
better. The preferable cooling rate is 30**C/sec or faster. 

[0061] The recrystallizing temperature of the hot-rolled steel strip varies with the alloy composition. Depending on 
other properties, it is sometimes necessary to recrystallize the hot-rolled steel strip. The inventors discovered that 
heating to and holding between 900°C and 1000^*0 is effective because heat treatment is done at a temperature not 
55 lower than the recrystallizing temperature and the Laves phase described eariier is controlled subsequently. 

[0062] Fig. 4 shows the relationship between the holding time of hot-rolled strip annealing temperature and the mean 
"r" value of cold-rolled annealed steel strip prepared by annealing a hot-rolled strip of Cr-bearing heat-resistant steel 
(containing C of 0.003%, Si of 0.5%, Mn of 0.5%, P of 0.02%, S of 0.001%, Cr of 14.5%, Nb of 0.6%, Mo of 1 .4% and 
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N of 0.01 %) and cooling to 300°C at a rate of 30°C/sec, with a slab heating temperature of 1 1 50°C, coiling temperature 
of 500°C, hot-rolled strip thickness of 5.0 mhi, hot-rolled strip heating temperature of 1 1 00**C, cold-rolled strip thickness 
of 1.5 mm and cold-rolted strip ainnealing temperature of 1050**C. 

[0063] As can be seen from Fig. 4, the mean 'V valu^ of not lower than 1 .4 is obtained if the strip is heated to a 
5 temperature range between 900°C and 1000°C and held In the same range for not shorter than 60 seconds. If the 
temperatures are outside the range specified by the present invention (the range PI in the figure), appropriate precip- 
itates are unobtainable in the manufacturihg process. As a consequence, the x-ray intensity ratio of cold-rolled steel 
strip is outside the preferable range and the preferable V value cannot be obtained. 

[0064] Hot-rolled steel strip can be heated to a temperature not lower than the recrystallizing temperature either by 
10 continuous annealing that heat treats steel strip continuously or by batch annealing which requires long time. Heating 
to the temperature range between BOO^'O and 1 000*^0 can be accomplished either by first heating to the recrystallizing 
temperature and then reheating after cooling to room temperature or by holding in the cooling process after heating 
to the recrystallizing temperature. In all these cases, the cooling rate to 300*'G should be not slower than 30°C/sec for 
the reason described eariier, 

15 [0065] In order to control the quantity and size of Nb-based precipitates, hot-rolled steel strip can be heat-treated 
over a long period of time, as described eariier. Particulariy if strip is held between 750*'C and 950*»C for 1 hour to 30 
hours, Nb-precipitates are formed in ah appropriate way to contribute to the improvement of workability. Heat treatment 
can be applied either by batch annealing or by holding the heat during coiling of hot-rolled strip. In view of the production 
efficiency, the preferable heat treatment temperature is BOO'C to QQO^'C. 

20 [0066] Next, examples of the present invention are described. The conditions used in the examples are those which 
were used to demonstrate the practicability and effect of the present invention which is by no means limited thereto. 
The present invention can be put into practice under various conditions without departing from the spirit and purpose 
thereof. 

25 [Example] 

[0067] Steels of chemical compositions listed in Tables 1 and 2 were cast to slab that was then hot-rolled to 5.0 mm 
thick strip. The hot-rolled strip was then continuously annealed, pickled, cold-rolled to a thickness of 1 .5 mm, and then 
made into finished product by applying continuous annealing and pickling. Tables 3 and 4 shows the manufacturing 
30 conditions employed. 

[0068] Specimens were taken from the finished product described above and the x-ray intensity, "r" value and elon- 
gation in the central region of thickness were measured. The x-ray intensity and "r" value were measured by the same 
method as described earlier. 

[0069] Elongation at break was determined by taking JIS 13B tensile test specimens from the finished-strip and 
55 applying tensile force in the rolling direction. If the elongation is under 30%, the finished-strip does not withstand stretch 
forming even if the "r" value is high. Therefore, elongation nnust hot be less than 30%. 
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[0070] The following are the findings obtained from Tables 1 and 2. The finished-strips manufactured from the steels 
of the compositions according to the present invention have higher mean "r" values and better workability than the 
strips prepared for comparison. Even if chemical composition is within the range of the present invention, preferable 
x-ray intensity is not obtained and, therefore, the Y' value does not improve if the x-ray intensity ratio is outside the 

5 range of the present invention. 

[00711 Si, IVIn, P, S, Cu and Ti contents exceed the upper limit thereof, not many precipitates, that affect the x-ray 
intensity, are formed. Although, therefore, the x-ray intensity and V value are within the range according to the inven- 
tion, elongation drops significantly because of solid solution strengthening and intergranular segregation. 
[0072] If C and N contents exceed the upper limit thereof, solid solutions of C and N increase. As a consequence, 

10 the desired x-ray intensity is not obtained and elongation drops. Cr, Nb, Mo, Sn and W form intermetallic compounds 
and segregate at grain boundaries. If, therefore, their contents exceed the upper limit specified by the invention, the 
desired x-ray intensity and elongation are not obtained because of plentiful precipitation of fine precipitates and solid 
solution strengthening. 

[0073] If Nb and Mo contents fall below the lower limit thereof specified by the invention, sufficient precipitation of 
IS the Laves phase and sufficient fixing of C and N are not achieved. As a consequence, the x-ray intensity drops and 

the desired 'V value is unobtainable. Excessive addition of Mg, though the influence on the x-ray intensity is small, 
makes the precipitates and oxides too coarse and, therefore, brings about a drop in elongation. 
[0074] Tables 3 and 4 show the influences of manufacturing conditions. The finished-strips manufactured by the 
methods according to this invention have the mean "r" values not lower than 1 .4 and the x-ray intensity ratios not lower 
20 than 2 that provide excellent workability. 

[0075] If manufacturing conditions are outside the range according to the present invention, appropriate precipitates 
are not formed in the manufacturing process. As a consequence, the preferable x-ray intensity and "r" value are not 
obtained in cold-rolled annealed steel strip. 

[0076] The thicknesses of slabs and hot-rolled strips can be chosen appropriately. The reduction ratio, roll surface 
25 roughness, roll diameter, rolling oil, rolling passes, rolling speed and rolling temperature in cold-rolling can also be 

' appropriately chosen. 

[0077] Employment of a double rolling method, which applies intermediate annealing midway through cold-rolling 
further improves the properties of finished steel strip. Intermediate and final annealing can be applied either by bright 
annealing, which is implemented in non-oxidizing atmosphere such as hydrogen or nitrogen gas, or by annealing in 

30 the atmosphere. 

[Industrial Applicability] 

[0078] The present invention efficiently provides Cr-bearing heat-resistant steel strip having an excellent workability 
35 without requiring any new facilities. Accordingly, the present invention is a useful invention that has great industrial 
applicability. 



Claims 

40 

1. A Cr-bearing heat-resistant steel sheet with excellent workability comprising, in mass%, C of 0.001% to 0.010%, 
Si of 0.01% to 0.60%, Mn of 0.05% to 0.60%, P of 0.01% to 0.04%, S of 0.0005% to 0.0100%, Crof 14% to 19%, 
N of 0.001% to 0.020%, Nb of 0.3% to 1 .0%, Mo of 0.5% to 2.0%, with the remainder comprising iron and una- 
voidable impurities, and having an x-ray intensity ratio {111}/({100}+{211}) of 2 or greater in the central region of 

45 thickness. 

2. A Cr-bearing heat-resistant steel sheet with excellent workability according to claim 1 which contains, in mass%, 
one or more of Cu of 0.5% to 3.0%, W of 0.01% to 1 .0% and Sn of 0.01% to 1 .00%. 

50 3. A Cr-bearing heat-resistant steel sheet with excellent workability according to claim 1 or 2, which contains, in 
mass%, one or more of T\ of 0,01% to 0.20%, Al of 0.005% to 0.100%, Mg of 0.0002% to 0,0100%, and B of 
0.0003% to 0.001%. 

4. A method for manufacturing Cr-bearing heat-resistant steel sheet with excellent workability comprising of the steps 

55 of: 

hot-rolling a steel comprising, in mass%, C of 0.001% to 0.010%, Si of 0.01% to 0.60%, Mn of 0.05% to 0.60%, 
P of 0.01% to 0.04%, S of 0.0005% to 0.0100%, Cr of 14% to 19%, N of 0.001% to 0.020%, Nb of 0.3% to 
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1 .0%, Mo of 0.5% to 2.0% and, as required, one or more of Cu of 0.5% to 3.0%, W of 0.01% to 1 .0% and Sn 

of 0,01% to 1 .00%, and/or, one or more of Ti of 0.01% to 0.20%, Al of 0.005% to 0.100%, Mg of 0.0002% to 

0.0100%, and B of 0.0003% to 0.001%, with the remainder comprising iron and unavoidable impurities, with 

a heating temperature of 1000^'C to 1150*C and a finishing temperature of 600**C to 800**C, 

colling the hot-rolled strip at not higher than 500°C, 

heating the coiled hot-rolled strip at between QOCC and lOOO^'C, and 

cooling to 300*C at a rate of 30°C/sec or faster, with subsequent pickling, cooling and annealing. 

A method for manufacturing Cr-bearing heat-resistant steel sheet with excellent workability comprising of the steps 

of: 

hot-rolling a steel comprising, In mass%, C of 0.001% to 0.010%, Si of 0.01% to 0.60%, Mn of 0.05% to 0.60%, 
P of 0.01% to 0.04%, S of 0.0005% to 0.0100%, Cr of 14% to 19%, N of 0.001% to 0.020%, Nb of 0.3% to 
1.0%, Mo of 0.5% to 2.0% and, as required, one or more of Cu of 0.5% to 3.0%, W of 0.01% to*1.0% and Sn 
of 0.01% to 1 .00%, and/or, one or more of Ti of 0.01% to 0.20%, Al of 0.005% to 0.1 00%, Mg of 0.0002% to 
0.0100% and B of 0.0003% to 0.001%, with the remainder comprising iron and unavoidable impurities, with 
a heating temperature of 1000*»C to 1150°C and a finishing temperature of eoo^C to 800*'C, 
coiling the hot-rolled strip at not higher than 500**C, 
recrystallizing the colled hot-rolled strip, 

holding the strip at 900^0 to 1 000°C for not less than 60 seconds, and 

cooling to 300°C at a rate of 30°C/sec or faster, with subsequent pickling, cooling and annealing. 

A method for manufacturing Cr-bearing heat-resistant steel sheet with excellent workability comprising of the steps 
of: 

hot-rolling a steel comprising, in mass%, C of 0.001% to 0.010%, Si of 0.01% to 0.60%, Mn of 0.05% to 0.60%, 
P of 0.01% to 0.04%, S of 0.0005% to 0.0100%, Cr of 14% to 19%, N of 0.001 % to 0.020%. Nb of 0.3% to 
1 .0%, Mo of 0.5% to 2.0% and, as required, one or more of Cu of 0.5% to 3.0%. W of 0.01% to 1.0% and Sn 
of 0.01% to 1 .00%, and/or one or more of Ti of 0.01% to 0.20%, Al of 0.005% to 0.100%, Mg of 0.0002% to 
0.0100% and B of 0.0003% to 0.001%, with the remainder comprising iron and unavoidable impurities, with 
a heating temperature of 1000**C to 1150**C and a finishing temperature of 600°C to SOO^C, 
colling the hot-rolled strip at not higher than SOC'C, 

holding the coiled hot-rolled strip at 750*'C to 950°C for 1 hour to 30 hours, and 

cooling to 300**C at a rate of 30*C/sec or faster, with subsequent pickling, cooling and annealing. 
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